Exploded view of a product is used in the applications for understanding the intricate details of the assembly. The problem with all the present-day CAD software packages is that the reconciliation of the product assembly from the exploded view is performed inaccurately wherein the parts collide with one another and the original assembly is not regained back through collision free path thereby leading to non-optimal performability of the software package. This present work proposes an efficient process for successfully generating the exploded view for assemblies through collision free paths, so that the reconciliation of product assembly from exploded view is accurate. The technique adopted here is based on the assembly coherence data and disassembly feasibility testing and is proposed in the context of a computer aided geometric assembly of a knuckle joint and internal combustion engine connecting rod assembly
Introduction
Any machine or mechanism constitutes individual parts assembled to form a wholesome and complete product. During the assemblage of individual parts, firstly the part forming the core or centre of the assembly is assembled first and the remaining parts are joined to this central part. With the advent of computers, geometric Computer Aided Design (CAD) models have revolutionized the way of visualizing the product assemblies. Exploded views have paved way for detailed visualization of the individual components constituting the assembly as observed by Brumbach and Clade [1] . The implementation of exploded view can be dated back to early fourteenth century in the works of Marino Taccola, an Italian mathematician, artist and engineer of early Renaissance period, as noted by Ferguson [2] . The usage of exploded views were further improved by Francesco di Giorgio and Leonardo da Vinci in fifteenth century, as noted by Ferguson [2] . Leonardo was the first person to create and comprehend the exploded views of a reciprocating motion machine. The concept of exploded view was further extended to human anatomy by Leonardo which was revealed by [3] . Sharma and Dumpala [4] studied the pedagogical applications of spatial visualization capability. The domain of visualization of the exploded components of an assembly demands spatial visualization capability and thorough knowledge of the assemblage.
In recent times, the product catalogues and machine manuals contain the exploded views which are often blurred and not clear, leading to excess visual distraction as observed by Li et al. [5] . The main issue of concern in generating an exploded view of a CAD geometric model is that during the backward integration of the exploded view, the individual part models collide each other and do not trace a collision free path to from the original assembly.
Thus, this work addresses this lacuna of generating back an assembly from the exploded view through proper sequence so that the parts do not collide with each other. This aspect of the CAD geometric modelling is known as assembly sequence planning as detailed by various authors [6, 7, 8, 9, 14] , certified that the correct sequence of assembly and disassembly operations requires the complete knowledge of assembly coherence data, geometric feasibility and stability information. Although there exists vast literature pertinent to application of artificial intelligence techniques and assembly knowledge database, the aspect of exploded view generation forms a neglected area without assigning due consideration. This research gap is pertinent in the works by various authors [10, 11, 12, 13, 14, 15] .
At the outset, in the present research, a methodology is developed to generate exploded view automatically by making use of similarities between Assembly Sequence Planning (ASP) and exploded view as referred in works by Gu and Yan [16] and Castro [17] . This is achieved through assembly coherence information and geometric feasibility.
Methodology
The methodology traced in this work for achieving a collision free disassembly in a CAD geometric modelling software is delineated in the following steps:
Step-1: Formulate the assembly coherence matrix based on the surface or axial contact between the parts
Step-2: Based on the assembly coherence matrix trace out the pairs of parts in contact
Step-3: Locate the normal vector for disassembly feasibility of the part pairs
Step-4: Generate the disassembly feasibility square matrix of order i i x y  where "y" represents the columns and "x" represents the rows and number of columns and rows are equal for a square matrix. Here "i" represent the number of parts constituting the assembly.
Step-5: Identify the feasibility matrix column with
, where  i y is the value of sum of a column and "n" is the order of matrix
Step-6: Eliminate i y column and corresponding i x row to obtain the next level of feasible collision free disassembly of parts
Step-7: Repeat
Step-5 and
Step-6 till all the parts are assembled without colliding each other 3. Case -1: Knuckle joint
Assembly coherence information
The assembly of any product consists of number of parts in contact with each other. All these individual parts form surface contact with each other. This surface contact of one part with another can be represented in a square matrix form where the size of the matrix equals to the total number of parts in the product assembly. This information, which gives the surface contact relations between each pair of parts, is known as the Assembly Coherence Information. In the CAD software products, the assembly coherence information is extracted by making use of the product design capabilities of the CAD software as evident in the work by Linn and Liu [18] . In the present case study of knuckle joint, Figure 1 shows the assembly of knuckle joint and Figure 2 shows the assembly coherence matrix. In the assembly coherence matrix the value "0" corresponds to no contact and the value "1" corresponds to a surface or axial contact among the corresponding part of that particular row and column of the assembly coherence matrix.
Disassembly feasibility aspect
While disassembling an assembly in any CAD geometric modelling software, it is observed that the parts collide with each other while disassembling. This is identified as a research gap and an attempt has been made to derive a collision free path while disassembling the parts of an assembly. From the assembly coherence matrix in Figure 2 , the part assembly pairs possessing the value of "1", form the part pairs is the subject of study. As such, the part pairs identified for this knuckle joint case study are: 
Identification of feasibility vector
After identifying the part pairs, the direction normal to the contact surface is identified as the normal vector and possibility of disassembling the part pairs along these normal vectors is checked. The part pairs, coordinate orientation, mating parts and surfaces, normal representation and the corresponding vector are shown in Table 1 . 
Feasibility vector matrix
In the present case study of knuckle joint, there are 5 components constituting the assembly, namely, the Fork end, Eye, Knuckle pin, Collar and Taper pin, which are labelled as parts A,B,C,D and E respectively. Hence, the feasibility vector matrix of disassembly level 1 is a square matrix of the order of 5x5. Here, the n=5, where n represents the order of a square matrix. If the sum of individual columns equals to one less than the order of matrix, i.e., if sum of values in a column is equal to (n-1), then the part corresponding to that column can be removed in the corresponding normal direction, in the presence of all other parts. Taking this condition into account, the feasibility vector matrices for Disassembly level -1 is generated and shown in Table 2 .
In the disassembly level 1, no part can be disassembled in N1 direction in the presence of other parts because none of the values of, sum of individual column, is equal to (n-1) = (5-1) = 4. The same applies for the N4 and N5 directions. Whereas in N6 direction the part E can be disassembled in the presence of all other parts, because the sum of values in column E is equal to (n-1) = (5-1) = 4. Hence, we eliminate the row and column pertaining to part E in order to obtain the disassembly level 2. This leads to a square matrix of order, n=4, in the disassembly level 2. The parts disassembled after level -1 are depicted in the Figure 3 as shown below. After eliminating the row and column corresponding to part E, we obtain the Level-2 feasibility vector matrices as shown in Table 3 . In the Level 2, we obtain a feasibility vector square matrix of order 4x4. Hence, n=4 and considering the previous condition that if the sum of individual columns equals to one less than the order of matrix, i.e., if sum of values in a column = (n-1), then, the part corresponding to that column can be removed in the corresponding normal direction, in the presence of all other parts. Taking this condition into account, the feasibility vector matrices for Disassembly level -2 is generated. In this disassembly level 2, no part can be disassembled in N1 and N6 directions in the presence of other parts because none of the values of, sum of individual column, is equal to (n-1) = (4-1) = 3. In N4 direction the part C can be disassembled in the presence of all other parts, because the sum of values in column C is equal to (n-1) = (4-1) = 3. Hence, we eliminate the row and column pertaining to part C in order to obtain the disassembly level 3. In N5 direction the part D can be disassembled in the presence of all other parts, because, the sum of values in column D is equal to (n-1) = (4-1) = 3.
Hence, we eliminate the row and column pertaining to part D in order to obtain the disassembly level 3. The parts disassembled after level -2 are depicted in the Figure 4 as shown below. After eliminating the row and column corresponding to part C and part D, we obtain the Level-3 feasibility vector matrices of order 2x2 as shown in Table 4 . Hence, n=2 and considering the previous condition that if the sum of individual columns equals to one less than the order of matrix, i.e., if sum of values in a column is equal to (n-1), then, the part corresponding to that column can be removed in the corresponding normal direction, in the presence of all other parts. Taking this condition into account, the feasibility vector matrices for Disassembly level -3 is generated. In disassembly level 3, the part B can be disassembled in N1 direction and part A can be disassembled in N6 direction in the presence of all other parts, because, the sum of values in column B is equal to (n-1) = (2-1) = 1 and the same applies for column A also. Whereas in N4 and N5 directions none of the values of, sum of individual column, is equal to (n-1) = (2-1) = 1 and hence no part can be disassembled in N4 and N5 directions in the presence of other parts.
The parts disassembled after level -3 are depicted in the Figure 5 as shown below. This completes the collision free exploded view of the complete knuckle joint assembly. 
Case -2: Connecting rod
In the case study of connecting rod assembly, Figure 6 depicts the assemblage of connecting rod along with the part nomenclature. The assembly coherence information is captured in the form of assembly coherence matrix in Figure 7 . The disassembly feasibility aspect focuses on the identification of part pairs, mating surfaces, normal representation of mating surfaces and the disassembly feasibility vectors. This information is captured in Table 5 . In the present case study of connecting rod, there are 6 components constituting the assembly namely, the rod end, cap, bolt, nut, bolt and nut, which are labelled as parts F, G, H, I, J and K respectively. Hence, the feasibility vector matrix of disassembly level 1 is a square matrix of the order of 6x6. Here, the value of n is equal to 6 where, n represents the order of a square matrix. If the sum of individual columns equals to one less than the order of matrix, i.e., if sum of values in a column is equal to (n-1), then the part corresponding to that column can be removed in the corresponding normal direction, in the presence of all other parts. Taking this condition into account, the feasibility vector matrices for Disassembly level -1 is generated and shown in Table 6 . 
In this disassembly level 1, the parts I and K can be disassembled in N1 direction in the presence of all other parts, because the sum of values in column I and the sum of values in column I and K is individually equal to (n-1)=(6-1)=5. Also here the parts H and J can be disassembled in N2 direction in the presence of all other parts, because, the sum of values in column H and J is equal to (n-1)=(6-1)=5. Hence, we eliminate the row and column pertaining to parts I, K, H and J in order to obtain the disassembly level 2. This leads to a square matrix of order, n=2, in the disassembly level 2. The parts disassembled after level -1 are depicted in the Figure 8 as shown below. After eliminating the rows and columns corresponding to parts I, K, H and J, we obtain the Level-2 feasibility vector matrices as shown in Table 7 . In this disassembly level 2, the part F can be disassembled in the presence of all other parts in N1 direction, because the sum of values in column F is equal to (n-1) = (2-1) = 1. Similarly, as per the same condition, the part G can be disassembled in the presence of all other parts in N2 direction. The parts disassembled after level -2 are depicted in the Figure 9 as shown below. This completes the collision free exploded view of the complete connecting rod assembly. 
Conclusion
An improved strategy for the exploded view of assemblages has been introduced by considering two different case studies of disassembly of knuckle joint and connecting rod assemblages. This enhanced exploded view generation method takes into consideration, the assembly coherence information, disassembly feasibility aspect through identification of feasibility vectors and corresponding feasibility matrices. From this, different levels of disassembly are generated which paves way for a disassembly path where the parts do not collide with each other while generating the exploded views of the assemblage.
The proposed strategy is capable of solving canonical and non-canonical perspectives based on the mating surfaces. At the outset, the present method offers a coherent and collision free path for generating exploded view of a CAD geometric model, which eases the process of disassembly of a product and also clarifies the spatial visualization of the geometric model and ultimately improves the performability of CAD software package.
